1,25-dihydroxyvitamin D [1,25(OH) 2 D] (calcitriol)
is not a good indicator of the vitamin D status, as it has a very short half-life of approximately 4 h, and its blood levels are closely regulated by the serum levels of parathyroid hormone, calcium, and phosphate. Calcitriol concentration also does not reflect the vitamin D reserves, as levels are frequently elevated in individuals with hypovitaminosis D because of secondary hyperparathyroidism. Therefore, total 25(OH)D is the most reliable indicator of vitamin D status (6, 7) .
Although the use of vitamin D testing has recently increased substantially, there is little consensus on which assay should be used to measure its concentration, and there are serious concerns regarding the reliability of its measurement (7) . To correctly assess vitamin D status, a method for reliably measuring 25(OH)D is needed. Several specifications should be considered when selecting a vitamin D assay, including total 25(OH)D measurement (the sum of 25(OH)D 2 and 25(OH)D 3 ), accuracy, reproducibility, turn-around time, inter-assay comparability, and cost-effectiveness (8) . Until recently, no generally accepted reference method for 25(OH)D measurement was available. In 2010, Tai et al. developed isotope dilution liquid chromatography-tandem mass spectrometry (LC-MS/MS) as a candidate reference method, which in 2011 was recognized as a reference method by the Joint Committee for Traceability in Laboratory Medicine (9) . Isotope dilution LC-MS/MS is currently considered the reference method for 25(OH)D measurement, as it can simultaneously quantitate 25(OH) D 2 and 25(OH)D 3 ; these values are summed to determine total 25(OH)D (10) . Recently, some manufacturers have developed automated immunoassays for 25 (12) . Although LC-MS/MS is considered the reference method for measuring 25(OH)D concentrations, the instrument is very expensive, unavailable in most clinical laboratories, and its turnaround time is relatively longer than that of immunoassays. Therefore, automated and high-throughput immunoassays may be a good alternative for clinical laboratories. However, there is no strong agreement between the current immunoassay methods because of intermethod variability due to the different standardizations used (12, 13 
Materıals and methods

Study design
Statistical analysis
The 25(OH)D results obtained by LC-MS/MS were used as the reference for method comparison studies. Results reading below or above the lower or upper limit of measurement ranges of the immunoassay methods were omitted from statistical evaluation. Concentrations of 25(OH)D were given in nmol/L International System of Units (SI). All data sets were tested for normality using Kolmogorov-Smirnov test. Passing-Bablok regression analysis was used to assess constant and proportional biases between methods, including the Cusum test for linearity. A P value < 0.05 indicates a significant deviation from linearity. For significant agreement, the 95% confidence interval (CI) of the intercept should contain the zero, while the 95%CI of the slope should contain 1 (17) . A Bland-Altman plot was used to assess differences and biases between methods. Bland and Altman recommend plotting differences against the average of the methods rather than against that of the reference method, while CLSI recommends plotting differences against the reference method (15,18). Therefore, differences between values from comparative immunoassays and the reference method against the reference method value were displayed in the difference plots according to CLSI recommendations. The differences expressed as a percentage of the reference method value were plotted to illustrate whether the difference between the measurements made using the two methods was related to the magnitude of the measurement. Inter-rater agreement in assessment of vitamin D status between assays was analyzed using kappa (κ) analysis (19 Differences and biases between methods were evaluated using a Bland-Altman plot (Figure 1 and 2).
25(OH)D results were classified to define vitamin D status, as recommended by The Endocrine Society's Clinical Practice Guideline on Vitamin D (20).
We compared the proportion of samples fulfilling vitamin D deficiency using the 50 nmol/L cut-off by different assays using κ analysis (Table 2) . (29) . Another limitation may be the difference in treatment between the samples used in the immunoassays (fresh) and the LC-MS/MS (one freeze/thaw cycle), but a recent study reported that long-term frozen storage does not affect serum vitamin D levels and that 25(OH)D is stable for 7 days at -20 °C (30) . Additionally, sample collection tube used in this study may be possible preanalytical source of differences on different assays. However, in a previous study, the difference between serum separator tube with clot activator and EDTA tube was investigated and there was no difference between serum and plasma vitamin D concentration; the authors suggested that the choice of collection tube was not to affect vitamin D concentration (30) .
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Conclusıon
In this study, we found that both immunoassays demonstrated acceptable performance, but had some limitations when their performance was challenged with samples containing low and high total 25(OH)D concentrations. We found that the deviation increased in a concentration-dependent manner using Abbott Architect measurements compared to using LC-MS/MS. The Roche Cobas assay demonstrated better performance than the Abbott Architect in the studied samples. Therefore, immunoassay methods can give variable results, which is most apparent when the immunoassays are used to evaluate with a range of samples that challenge their analytical performance. Laboratory professionals should be aware of these issues when changing methods in their routine work and comparing results obtained from different platforms.
